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Resultados clave
 
 (VWXGLRV EDVDGRV HQ 0RGHORV GH 'LVWULEXFLyQ GH
(VSHFLHV0'(VXJLHUHQTXHEDMRHVFHQDULRVGHFDPELR
FOLPiWLFRODVSULQFLSDOHVHVSHFLHVDUEyUHDVGHODSHQtQVXOD
LEpULFDSRGUtDQYHUUHGXFLGDVGUiVWLFDPHQWHODV]RQDVTXH
OHVVRQFOLPiWLFDPHQWHIDYRUDEOHV
0RGHORVPiVUHDOLVWDVELROyJLFDPHQWH\TXHLQFOX\HQ
PHFDQLVPRVFRPRODGLVSHUVLyQODSODVWLFLGDGIHQRWtSLFD
ODDGDSWDFLyQORFDORFRPSHQVDFLyQGHPRJUi¿FDVXJLHUHQ
TXH ORV 0'( WUDGLFLRQDOHV SRGUtDQ VREUHHVWLPDU OD
YXOQHUDELOLGDGGHORVERVTXHVIUHQWHDOFDPELRFOLPiWLFR
/RVPRGHORVVXJLHUHQTXH ORVERVTXHV LEpULFRVQRVH
KDOODQ HQ HTXLOLEULR FRQ HO FOLPD VLQR TXH KDQ HVWDGR
VXIULHQGR SURFHVRV GH H[SDQVLyQ GXUDQWH ODV ~OWLPDV
GpFDGDV(OFDPELRFOLPiWLFRMXQWRDFDPELRVHQHOXVR
GHO VXHOR SXHGHQ DFHOHUDU R UDOHQWL]DU HVWRV FDPELRV
GHSHQGLHQGR GH OD HVSHFLH HQ FXHVWLyQ VX GLVWULEXFLyQ
DFWXDO\IDFWRUHVKLVWyULFRV
 'DGR TXH ORV IDFWRUHV FOLPiWLFRV VRQ GLItFLOPHQWH
FRQWURODEOHV OD DGDSWDFLyQ DSDUHFH FRPR XQD SLH]D
FODYH GHQWUR GH OD JHVWLyQ IRUHVWDO SDUD LQFUHPHQWDU OD
UHVLVWHQFLD\UHVLOLHQFLDGHODVIRUPDFLRQHVIRUHVWDOHVHQ
(VSDxD
 Contexto
 /D YXOQHUDELOLGDG VH GHÀQH FRPR HO JUDGR HQTXH XQD GHWHUPLQDGD SREODFLyQ HVSHFLH R HFRVLVWHPDHV VXVFHSWLEOH D ORV FDPELRV HQ ODV FRQGLFLRQHV GH VXHQWRUQR,3&&/DYXOQHUDELOLGDGIUHQWHDOFDPELRFOLPiWLFRFRQVWDGHWUHVFRPSRQHQWHVODH[SRVLFLyQLHOD PDJQLWXG GHO FDPELR OD VHQVLELOLGDG LH HO JUDGR
HQHOTXHHVDIHFWDGRSRUHOFDPELR\ ODFDSDFLGDGGHDGDSWDFLyQLHODKDELOLGDGSDUDDMXVWDUVHDOFDPELR/RVHVFHQDULRVHVWLPDGRVGHFDPELRFOLPiWLFRTXHVHEDVDQHQ GLVWLQWDV SUR\HFFLRQHV GH PRGHORV GH FLUFXODFLyQDWPRVIpULFD JHQHUDO SURSRUFLRQDQ XQD LPSRUWDQWHKHUUDPLHQWD SDUD DQDOL]DU HO JUDGR GH H[SRVLFLyQ GHODV SREODFLRQHV HVSHFLHV R HFRVLVWHPDV 'DZVRQ HW DO
 /RVERVTXHVLEpULFRVVRQFRQVLGHUDGRVFRPRDO-WDPHQWHYXOQHUDEOHVDOFDPELRJOREDOHVSHFLDOPHQWHHQODUHJLyQ0HGLWHUUiQHDORTXHSRGUtDDOWHUDUHOVXPLQLVWURGHVHUYLFLRVHFRVLVWpPLFRVFODYHV 6FKU|WHUHWDO/LQGQHUHWDO(VWRVHGHEHDTXHODVSUHGLFFLRQHVGHFDPELRFOLPiWLFRSUHYpQXQFDPELRWDQWRHQHOFOLPDSURPHGLRSDUWLFXODUPHQWHXQDXPHQWRHQODVWHPSHUDWX-UDV\XQDXPHQWRHQODYDULDELOLGDGGHODVSUHFLSLWDFLRQHVFRQGHVFHQVRVHQHO VXUGH ODSHQtQVXOD LEpULFD &KULV-WHQVHQHWDO$GHPiVVHSUHYpXQDPD\RULQWHQ-VLGDG\IUHFXHQFLDGHHYHQWRVFOLPiWLFRVH[WUHPRVFRPRVHTXtDVTXHDXPHQWDUtDQHOHVWUpVKtGULFRHQHFRVLVWHPDV\D OLPLWDGRVSRU ODGLVSRQLELOLGDGGH DJXD 6FKU|WHU HWDO0DGULJDO*RQ]iOH]\=DYDOD$OJXQDVGHODVHVSHFLHVIRUHVWDOHVPiVDPSOLDPHQWHGLVWULEXLGDVHQ(XURSDSUHVHQWDQVXOtPLWHGHGLVWULEXFLyQPHULGLRQDOHQODSHQtQVXOD LEpULFD SHMPinus sylvestrisAbies albaFRQ ORTXHXQDXPHQWRGHOHVWUpVKtGULFRSRGUtDFDXVDUUHGXFFLRQHVHQODYLWDOLGDGFUHFLPLHQWR\PD\RUHVWDVDVGHPRUWDOLGDGTXHSRGUtDQGHULYDUHQUHWUDFFLRQHVHQHOUDQJR GH GLVWULEXFLyQ GH ODV HVSHFLHV +DPSH 	 3HWLW-XPSHWDO
 /RV 0RGHORV GH 'LVWULEXFLyQ GH (VSHFLHV0'( WUDGLFLRQDOHV VH EDVDQ HQ GDWRV GH RFXUUHQFLDLH SUHVHQFLDDXVHQFLD R DEXQGDQFLD GH ODV HVSHFLHVSDUD HVWXGLDU FXiOHV VRQ ORV SULQFLSDOHV IDFWRUHV TXHGHWHUPLQDQODGLVWULEXFLyQGHODVHVSHFLHVRHVWLPDUORV
Impactos y Vulnerabilidad 
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FDPELRVSRWHQFLDOHVHQHVWDVGLVWULEXFLRQHVEDMRQXHYDVFRQGLFLRQHV DPELHQWDOHV &DVVLQL  YHU )LJXUD /RV 0'( WUDGLFLRQDOHV KDQ VLGR DPSOLDPHQWH XVDGRVSDUD LGHQWLÀFDU FDPELRV HQ HO iUHD SRWHQFLDO GH ODVHVSHFLHV GHELGR DO FDPELR FOLPiWLFR LGHQWLÀFDQGRTXpHVSHFLHV SXHGHQ YHUPiV DIHFWDGD VX GLVWULEXFLyQ DQWHGLVWLQWRVHVFHQDULRVGHFDPELRSHM(OLWK	/HDWKZLFN
 /DVHQVLELOLGDGIUHQWHDOFDPELRFOLPiWLFRYLHQHGHWHUPLQDGDSRUHOJUDGRHQHOTXHODVXSHUYLYHQFLDODSHUVLVWHQFLDHOFUHFLPLHQWRODUHSURGXFFLyQRODUHJHQ-HUDFLyQGHODVSREODFLRQHVGHXQDHVSHFLHGHSHQGHQGHODVFRQGLFLRQHVDPELHQWDOHV3RUORWDQWRODVHQVLELOLGDGSXHGH VHU H[SORUDGD \ HVWLPDGDPHGLDQWH HVWXGLRV RE-VHUYDFLRQDOHV\H[SHULPHQWDOHV\HOXVRGHWpFQLFDVGHPRGHOL]DFLyQ'DZVRQHWDO/RVLPSDFWRVSRWHQ-FLDOHVGHOFDPELRFOLPiWLFRVRQORVHIHFWRVFXDQWLÀFDEOHV\HVSHFtÀFRVTXHXQFDPELRDPELHQWDOSXHGHFDXVDUHQODVSREODFLRQHVHVSHFLHVRFRPXQLGDGHV\TXHGHSHQ-GHQWDQWRGHODH[SRVLFLyQDHVWHFDPELRDPELHQWDOFRPR
GHODVHQVLELOLGDGDOPLVPR/LQGQHUHWDO
 /RVimpactos potenciales \OD vulnerabilidad IUHQWH DO FDPELR FOLPiWLFR SXHGH HVWLPDUVH XVDQGRYDULDQWHVGH ORV0'(TXH LQFOX\HQXQmayor realismo 
biológico SHM0RQWR\DHWDO3XUYHVHWDO.HHQDQHWDO*DUFtD9DOGpVHWDO/RV0'(WUDGLFLRQDOHV LH SDUDPHWUL]DGRV FRQ GDWRV FOLPiWLFRV\ RFXUUHQFLD R DEXQGDQFLD GH HVSHFLHV SUHVHQWDQ XQDVHULH GH OLPLWDFLRQHV FRPRSRU HMHPSOR L QR LQFOXLUODV LQWHUDFFLRQHV HQWUH HVSHFLHV SHM FRPSHWHQFLD RIDFLOLWDFLyQ LL QR LQFOXLU OD FDSDFLGDG GH GLVSHUVLyQGH ODVHVSHFLHV LH ODSUREDELOLGDGGHSUHVHQFLDSXHGHDXPHQWDU VL OD HVSHFLHV RFXUUHQ HQ ]RQDV FHUFDQDV RLLLDVXPLUTXHODVHVSHFLHVVHHQFXHQWUDQHQHTXLOLEULRFOLPiWLFR 'H HVWD IRUPD DOJXQRV 0'( GH QXHYDJHQHUDFLyQSXHGHQSDOLDUSDUFLDOPHQWHHVWDVGHÀFLHQFLDVYHU7DEOD 5XL]%HQLWR HW DO D LQWURGXFLHQGRSRUHMHPSORODFDSDFLGDGGHDGDSWDFLyQGHODVHVSHFLHVPHGLDQWH ODSODVWLFLGDGIHQRWtSLFD\ ODDGDSWDFLyQORFDO%HQLWR*DU]yQHWDOHOHIHFWRGHODVYDULDFLRQHV
 Figura 1
 Figura 1. 3DVRVDWHQHUHQFXHQWDSDUDODHODERUDFLyQGH0RGHORVGH'LVWULEXFLyQGH(VSHFLHV/RVGDWRVGHRFXUUHQFLDRDEXQGDQFLDGHHVSHFLHVGHVGHODHVSHFLHAKDVWDODHVSHFLHNSPP.A, … , SPP.NVHXQHQFRQLQIRUPDFLyQDPELHQWDOSRUHMHPSORFOLPiWLFDGHVGHODYDULDEOHFOLPiWLFD1 KDVWDODYDULDEOHFOLPiWLFDZCLI.1, …, CLI.Z6HVHOHFFLRQDXQDRXQFRQMXQWRGHWpFQLFDVSDUDHODMXVWH\ODYDOLGDFLyQGHOPRGHORSXGLHQGRKDFHUSUHGLFFLRQHVGHODLGRQHLGDGGHKiELWDWSDUDGLIHUHQWHVHVSHFLHV\GHULTXH]DGHHVSHFLHVSHM$UDXMR	1HZ
)XHQWH(ODERUDFLyQSURSLDDSDUWLUGH$UDXMR	1HZ\%HQLWR*DU]yQHWDO
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HQ HO FUHFLPLHQWR \ OD PRUWDOLGDG HQ ORV UDQJRV GHGLVWULEXFLyQGHODVHVSHFLHV%HQLWR*DU]yQHWDOHO HTXLOLEULR GH ODV HVSHFLHV FRQ HO FOLPD XVDQGR WDVDVGHFRORQL]DFLyQ\H[WLQFLyQ*DUFtD9DOGpVHWDOR LQFOX\HQGR FDPELRV HQ HO KiELWDW SRWHQFLDO GH ODVHVSHFLHVGHELGRVDFDPELRVGHXVR*DUFtD9DOGpVHWDO
 (Q HVWH WUDEDMR SUHVHQWDPRV HVFHQDULRV GHSRVLEOHV UHVSXHVWDVGH ORVERVTXHVDO FDPELRFOLPiWLFRDSDUWLUGHPRGHORVTXHFRQWHPSODQGLIHUHQWHVSURFHVRV
TXH VH UHODFLRQDQ FRQ OD FDSDFLGDG  GH UHVLVWHQFLD \UHVLOLHQFLDGH ORVERVTXHV L0RGHORV WUDGLFLRQDOHVGHKiELWDWEDVDGRVHQSUHVHQFLDDXVHQFLDPRGHORGHSDUWLGDRGHUHIHUHQFLDLL0RGHORVGHGLVWULEXFLyQGHHVSHFLHVSDUDPHWUL]DGRVFRQGDWRVGHVXSHUYLYHQFLD\DGDSWDFLyQORFDOLLL0RGHORVGHGLVWULEXFLyQGHHVSHFLHVLQFOX\HQGRFUHFLPLHQWR \ PRUWDOLGDG LY 0RGHORV HVWRFiVWLFRVGLQiPLFRV HVSDFLDOPHQWH H[SOtFLWRV TXH VLPXODQ ODFRORQL]DFLyQ \ OD H[WLQFLyQ ORFDO GH ODV HVSHFLHV EDMRHVFHQDULRVGHFDPELRFOLPiWLFR\SpUGLGDGHKiELWDW
 Figura 2
 Figura 2.  9DULDFLyQSDUDHOSHULRGRHQODVXSHUÀFLHRFXSDGDSRUODVSULQFLSDOHVHVSHFLHVDUEyUHDVGHODSHQtQVXODLEpULFDEDMRHOHVFHQDULRGH FDPELR FOLPiWLFR&65,2$SUR\HFWDGRSDUD OD SHQtQVXOD LEpULFD D HVSHFLHV0HGLWHUUiQHDV E HVSHFLHV VXE0HGLWHUUiQHDV F HVSHFLHV GHPRQWDxD\GHVSHFLHVFRQGLVWULEXFLyQ(XURSHD
)XHQWH'DWRVREWHQLGRVGHPRGHORVGHGLVWULEXFLyQGHHVSHFLHVVHJ~Q%HQLWR*DU]yQHWDO
 Tabla 1. 5HIHUHQFLDVGHORVWUDEDMRVSUHVHQWDGRVHQODSUHVHQWHFRQWULEXFLyQYDULDEOHUHVSXHVWDHVFDOD\WLSRGHPRGHORXVDQGRLQGLFDQGRVLH[LVWHPHMRUDUHVSHFWRDORV0RGHORVGH'LVWULEXFLyQGH(VSHFLHV0'(
Referencia Variable respuesta Escala
Modelo de Distribución 
de Especies (MDE)
MDE parametrizados 
con plasticidad 
y adaptación local
MDE parametrizados 
con crecimiento 
y mortalidad
Supervivencia 
y rango de distribución 
de la especie
Modelo
Modelo estocástico 
dinámico de ocupación 
de teselas (SPOM)
Modelo estocástico 
dinámico de ocupación 
de teselas (SPOM)
Rango de distribución 
de la especie
Colonizaciones 
y extinciones locales
(escenarios con 
y sin cambio climático) 
Crecimiento, mortalidad 
y rango de distribución 
de la especie
Colonizaciones 
y extinciones locales
(escenarios con 
y sin cambios de hábitat) 
Benito-Garzón et al. 
(2011)
Benito-Garzón et al. 
(2008)
García-Valdés et al. 
(2013)
Benito-Garzón et al. 
(2013)
García-Valdés et al. 
(En prep.)
Observacionales (IFN)
Experimentales 
(ensayos de procedencia)
(2 especies)
Malla 1 km2 
(20 especies)
Parcela IFN 
(10 especies)
Parcela IFN 
(11 especies)
Parcela IFN 
(23 especies)
)XHQWH(ODERUDFLyQSURSLDDSDUWLUGH%HQLWR*DU]yQHWDO\*DUFtD9DOGpVHQSUHSDUDFLyQ
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 Figura 3
 Figura 3. 0DSDVFRQODGLVWULEXFLyQDFWXDO\IXWXUDSDUDHODxRGHODVHVSHFLHVDPinus sylvestrisEPinus uncinataFAbies albaG
Fagus sylvatica\HQuercus petraea
 )XHQWH'DWRVREWHQLGRVGHPRGHORVGHGLVWULEXFLyQGHHVSHFLHVVHJ~Q%HQLWR*DU]yQHWDO
 Resultados y discusión 
(i) Modelos de distribución de especies tradicionales 
basados en presencia/ausencia y clima
 (Q%HQLWR*DU]yQ HW DO  VH XVDQ0'(WUDGLFLRQDOHVSDUDPHWUL]DGRVFRQGDWRVGHRFXUUHQFLDGHHVSHFLHV\HVFHQDULRVGHFDPELRFOLPiWLFR/RVUHVXOWD-GRVGHHVWHWUDEDMRVXJLHUHQTXHODVSULQFLSDOHVHVSHFLHVGH iUEROHV TXH VH GLVWULEX\HQ HQ OD SHQtQVXOD LEpULFDSRGUtDQ YHU UHGXFLGD GH IRUPD GUiVWLFD VX GLVWULEXFLyQSRWHQFLDOGHELGRDOFDPELRFOLPiWLFR(VWDGLVPLQXFLyQHQHO iUHDGHGLVWULEXFLyQSRWHQFLDO HQHO IXWXURSRGUtDVHUHVSHFLDOPHQWHSURQXQFLDGDHQHOFDVRGHODVFRQtIHUDVGHPRQWDxDPinus sylvestrisP. uncinata\Abies alba
VHJXLGRVSRUERVTXHVGHFagus sylvatica\Quercus pet-
raea YHU)LJXUD\(VWDDSUR[LPDFLyQQRREVWDQWHQR LQFOX\HSURFHVRV LPSRUWDQWHV TXHSRGUtDQ LQÁXLU HQODGLVWULEXFLyQGHHVSHFLHVVRPHWLGDVDOFDPELRFOLPiWL-FRFRPRODVLQWHUDFFLRQHVELyWLFDVODLPSRUWDQFLDGHODVFRQGLFLRQHV PLFURFOLPiWLFDV R SURFHVRV GH DGDSWDFLyQ'DZVRQHWDO.HHQDQHWDO
(ii) Modelos de distribución de especies parametrizados 
con datos de supervivencia y adaptación local
 %HQLWR*DU]yQ HW DO  SDUDPHWUL]DURQ0'(SDUDSREODFLRQHVGHPinus pinaster \Pinus sylves-
tris,SDUDODVFXDOHVH[LVWtDQGLIHUHQFLDVLQWUDHVSHFtÀFDVHQODVXSHUYLYHQFLDGHELGDVDODSODVWLFLGDGIHQRWtSLFD\
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 Figura 4
 Figura 4. 3URPHGLRGHVXSHUYLYHQFLDHQFDGDVLWLR\JUXSRGHSURFHGHQFLDVSDUDODVHVSHFLHVDPinus pinaster \EPinus sylvestris
)XHQWH$GDSWDGRGH%HQLWR*DU]yQHWDO
ODGLYHUVLGDGJHQpWLFDXVDQGRGDWRVGHOD5HG1DFLRQDOGH(QVD\RVGH3URFHGHQFLDV*(1)25('KWWSZZZJHQIRUHGHVLQGH[KWPO/DFDSDFLGDGGHDGDSWDFLyQGHODVHVSHFLHV LH VXKDELOLGDGSDUDDMXVWDUVHDFDPELRVGHSHQGH WDQWR GH OD SODVWLFLGDG IHQRWtSLFD FRPR GH ODDGDSWDFLyQORFDO3RUXQDSDUWHODSODVWLFLGDGIHQRWtSLFDVHGHÀQHFRPRODFDSDFLGDGGHXQGHWHUPLQDGRJHQRWL-SRGHSURGXFLUGLIHUHQWHVIHQRWLSRVEDMRGLYHUVDVFRQGL-FLRQHVDPELHQWDOHV*DUODQG	.HOO\'HHVWDIRU-PDODVXSHUYLYHQFLDGHODVHVSHFLHVSXHGHVHUVXSHULRUVLH[LVWHXQDHOHYDGDSODVWLFLGDGIHQRWtSLFD3RURWUDSDUWHODDGDSWDFLyQ ORFDOFRQVLGHUD ODGLIHUHQFLDFLyQJHQpWLFDHQWUH SREODFLRQHV FRPR FRQVHFXHQFLD GH SUHVLRQHV GHVHOHFFLyQ\RDLVODPLHQWRSREODFLRQDOSHM$QGHUVRQHWDO7DQWRHQPinus pinaster FRPRHQPinus sylves-
trisVHREVHUYDURQGLIHUHQFLDVHQODVXSHUYLYHQFLDPHGLDGHODVGLVWLQWDVSURFHGHQFLDVHQORVGLVWLQWRVVLWLRVHVWXGL-DGRVYHU)LJXUD&XDQGRVHFRPSDUDURQSUHGLFFLRQHVHQ HO UDQJR GH ODV HVSHFLHV EDMR HVFHQDULRV GH FDPELRFOLPiWLFR VH REVHUYy TXH HO GHVFHQVR HQ  HO UDQJR GHGLVWULEXFLyQGH ODV HVSHFLHV IXHPHQRU FRQVLGHUDQGR ODDGDSWDFLyQORFDOGHODVHVSHFLHVTXHHQORV0'(WUDGLFLR-QDOHVFDOLEUDGRV~QLFDPHQWHFRQGDWRVGHSUHVHQFLDDXV-HQFLDGHODVHVSHFLHV(VWDVGLIHUHQFLDVHQODVXSHUYLYHQ-
FLDSXHGHQGHEHUVHWDQWRDODSODVWLFLGDGIHQRWtSLFDFRPRDODDGDSWDFLyQORFDOORTXHVXJLHUHTXHORV0'(WUDGL-FLRQDOHVWHQGHUtDDVXEHVWLPDUORVUDQJRVGHGLVWULEXFLyQGHHVSHFLHVEDMRHVFHQDULRVGHFDPELRFOLPiWLFR
 $Vt VH REVHUYDURQ GLIHUHQFLDV HQWUH ORV UHVXO-WDGRVREWHQLGRVSRUORV0'(WUDGLFLRQDOHV\ORV0'(SDUDPHWUL]DGRVFRQODLQIRUPDFLyQGHORVHQVD\RVGHSUR-FHGHQFLDYHU)LJXUD/DSUHGLFFLyQGHVXSHUYLYHQFLDSDUDHODxRXWLOL]DQGRWRGRVORVHQVD\RVGHSURFH-GHQFLDSDUDPinus sylvestrisPXHVWUDXQGHVFHQVRGH ODGLVWULEXFLyQSRWHQFLDOGHODHVSHFLHSHURPDQWHQLHQGRODPD\RUSDUWHGHVXiUHDGHGLVWULEXFLyQ)LJXUDDPLHQ-WUDV TXH HO GHVFHQVR HVPXFKRPD\RU VHJ~Q ORV0'(WUDGLFLRQDOHVTXHQRFRQVLGHUDQGLIHUHQFLDVGHVXSHUYL-YHQFLDHQIXQFLyQGHODVSURFHGHQFLDVGHODVHVSHFLHVLH~QLFDPHQWHFRQVLGHUDQWRGDODGLVWULEXFLyQUHJLRQDOGHODHVSHFLH)LJXUDE(QHOFDVRGHPinus pinasterFXDQ-GRVHFRQVLGHUDVRORODSUHVHQFLDDXVHQFLDGHODHVSHFLHOD UHGXFFLyQ GHO iUHD GH RFXSDFLyQ HQ  HVPXFKRPD\RUTXHFXDQGRVHFRQVLGHUDODVXSHUYLYHQFLDSDUDP-HWUL]DGD FRQ ODV SURFHGHQFLDVGH OD HVSHFLH )LJXUDFG(VWRV UHVXOWDGRV VXJLHUHQTXH WDQWR ODYDULDELOLGDGLQWHUHVSHFtÀFDFRPRODLQWUDHVSHFtÀFDSXHGHQVHUIDFWR-
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 Figura 5
 Figura 5. 3UREDELOLGDGGHVXSHUYLYHQFLDSDUDHVFHQDULRVGHFDPELRFOLPiWLFR$+DG&0HQHODxRFRQVLGHUDQGRMXQWDVWRGDVODVSURFHGHQFLDV
de Pinus sylvestris \ Pinus pinaster D\FUHVSHFWLYDPHQWHDGDSWDGRGH%HQLWR*DU]yQHWDO\FDOLEUDQGRHOPRGHORVLQFRQVLGHUDUODVGLIHUHQWHVSURFHGHQFLDVE\GUHVSHFWLYDPHQWHDGDSWDGRGH%HQLWR*DU]yQHWDO
)XHQWH$GDSWDGRGH%HQLWR*DU]yQHWDO%HQLWR*DU]yQHWDO\26(
UHVGHWHUPLQDQWHVGHODGLVWULEXFLyQSRWHQFLDOGHODVHVSH-FLHVTXHGHEHQFRQVLGHUDUVHSDUDSUHGHFLUODGLVWULEXFLyQGHODVHVSHFLHVEDMRHVFHQDULRVGHFDPELRFOLPiWLFR
(iii) Modelos de distribución de especies incluyendo 
crecimiento y mortalidad
 %HQLWR*DU]yQHWDO VHREVHUYDURQTXHHO FUHFLPLHQWR \ ODPRUWDOLGDG DUEyUHD GHSHQGH GH QX-PHURVRV IDFWRUHV HQWUH ORV FXDOHV OD FRPSHWHQFLD \ HOFOLPDWXYLHURQXQSDSHOFODYHYHUWDPELpQ*yPH]$SD-ULFLRHWDO5XL]%HQLWRHWDOE/DVSUR\H-FFLRQHVEDMRHVFHQDULRVGHFDPELRFOLPiWLFRPRVWUDURQTXHGHODVHVSHFLHVDQDOL]DGDVSRGUtDQDXPHQWDUHOFUHFLPLHQWRSHURTXHHVWHFUHFLPLHQWRSXHGHYHUVHFRQ-WUDUUHVWDGRSRUXQDXPHQWRHQODPRUWDOLGDG7DEOD$SHVDUGHOFDUiFWHUUHODWLYDPHQWHHVWRFiVWLFR\PXOWLIDFWR-ULDOGHODPRUWDOLGDGHVWRVUHVXOWDGRVVXJLHUHQTXHLQFOX-VRVLODVWDVDVGHFUHFLPLHQWRDXPHQWDQEDMRHVFHQDULRVGHFDPELRFOLPiWLFRODPRUWDOLGDGSXHGHMXJDUXQSDSHOFODYHGHOLPLWDQGRORVUDQJRVGHGLVWULEXFLyQGHODVHVSH-FLHV/LQHVHWDO'LHW]H	0RRUFURIW(VWRVUHVXOWDGRVFRQFXHUGDQFRQUHVXOWDGRVSUHYLRVTXHVXJLH-UHQTXHLQFUHPHQWRVHQODWHPSHUDWXUDSRGUtDQDXPHQWDUODVWDVDVGHFUHFLPLHQWRDUEyUHR0DUWtQH]9LODOWDHWDO*yPH]$SDULFLRHWDOSHURWDPELpQODVWDVDVGHPRUWDOLGDG &DUQLFHU HW DO 5XL]%HQLWR HW DOE
 $GHPiV%HQLWR*DU]yQHWDOFRPSDUD-URQ ODV SUHGLFFLRQHV GH ORV PRGHORV GH FUHFLPLHQWR \PRUWDOLGDGVREUH OD LGRQHLGDGGHOKiELWDWFRQ ORVPRG-HORVFOiVLFRVGHQLFKREDVDGRVHQRFXUUHQFLDGHHVSHFLHV%HQLWR*DU]yQ HW DO  /RV 0'( GHPRJUiÀFRVSUHGLMHURQPD\RUHVUHGXFFLRQHVGHKiELWDWSDUDHVSHFLHV
FRQOtPLWHVXUGHVXGLVWULEXFLyQHQODSHQtQVXODLEpULFDSHMAbies albaFagus sylvatica \Quercus roburGHEL-GRSUREDEOHPHQWHDDOWDVWDVDVGHPRUWDOLGDG\FLHUWDH[-SDQVLyQGHOOtPLWHGHGLVWULEXFLyQQRUWHGHHVSHFLHV0HG-LWHUUiQHDVPiVDGDSWDGDVDODVFRQGLFLRQHVFOLPiWLFDVGHOHVFHQDULR$Pinus pinea \Pinus nigraYHU)LJXUD
(iv) Modelos dinámicos espacialmente explícitos
 *DUFtD9DOGpV HW DO  PRVWUDURQ TXH HOHIHFWRTXHHOFDPELRFOLPiWLFRSXHGHWHQHUHQODGLVWUL-EXFLyQ JHRJUiÀFD GH ORV GH iUEROHV GHSHQGH WDQWR GHOJUDGRGHHTXLOLEULRHQWUHHVWDVGLVWULEXFLRQHV\HOFOLPDFyPRGHODFDSDFLGDGGHGLVSHUVLyQGHODVHVSHFLHV\GHVXJUDGRGHDGDSWDFLyQDODVFRQGLFLRQHVFOLPiWLFDVIXWX-UDV/RVUHVXOWDGRVGHOPRGHORGLQiPLFRXWLOL]DGRHQHVWHWUDEDMRVXJLHUHQTXHODVHVSHFLHVGHiUEROHVPiVFRPXQHVHQ(VSDxDQRVHHQFXHQWUDQHQHTXLOLEULRFOLPiWLFR'HKHFKRHOiUHDTXHRFXSDQHVWDVHVSHFLHVHVWiDXPHQWDQ-GR DFWXDOPHQWH WDQWR D QLYHO ORFDO LH DXPHQWDQGR ODDEXQGDQFLD HQ DOJXQDV ]RQDV FRPR D QLYHO UHJLRQDOLHDXPHQWDQGRHOUDQJRGHGLVWULEXFLyQUHJLRQDO(VWDVH[SDQVLRQHVDGHPiVVHSURORQJDUiQSUREDEOHPHQWHGX-UDQWHWRGRHOVLJOR\PXFKDVHVSHFLHVWDUGDUiQVLJORVHQDOFDQ]DUXQHVWDGRGHHTXLOLEULRRSVHXGRHTXLOLEULRFRQHO FOLPD$OPLVPR WLHPSR HO FDPELR FOLPiWLFRSXHGHFDPELDUHVWDGLQiPLFDGHH[SDQVLyQDIHFWDQGRGHPDQH-UDPX\GLVWLQWDDXQDVHVSHFLHVXRWUDVHQIXQFLyQGHVXDGDSWDFLyQDXQWLSRGHFOLPD\GHODORFDOL]DFLyQDFWXDOGH VXVSREODFLRQHVSURFHVRVGHFRPSHWHQFLDFRQRWUDVHVSHFLHVSHUWXUEDFLRQHVJHVWLyQIRUHVWDOHWF'HQWURGHOFRQMXQWR GH HVSHFLHV HVWXGLDGDV ORV iUEROHV VXE0HG-LWHUUiQHRV \ WHPSODGRV FRQ SREODFLRQHV HQ UHIXJLRV GHPRQWDxDHQOD0HVHWD&HQWUDOSRGUtDQUHGXFLUVXDFWXDO
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 Figura 6
 Figura 6. 0DSDVGRQGHVHFRPSDUDODLGRQHLGDGGHOKiELWDWHQPRGHORVGHQLFKRWUDGLFLRQDOHV%HQLWR*DU]yQHWDOL]TXLHUGD\PRGHORVGHQLFKRSDUDPHWUL]DGRVFRQYDULDEOHVGHPRJUiÀFDV%HQLWR*DU]yQHWDOGHUHFKDHQWUHODVFRQGLFLRQHVFOLPiWLFDVDFWXDOHV\HODxRSDUDODVHVSHFLHVAbies albaD\EUHVSHFWLYDPHQWHFagus sylvaticaF\GUHVSHFWLYDPHQWH\Quercus roburH\IUHVSHFWLYDPHQWH
)XHQWH$GDSWDGRGH%HQLWR*DU]yQHWDO\%HQLWR*DU]yQHWDO
)XHQWH$GDSWDGRGH%HQLWR*DU]yQHWDO
 Tabla 2. &UHFLPLHQWRPPDxR\PRUWDOLGDG1RiUEROHVGHORVPRGHORVGHGLVWULEXFLyQGHHVSHFLHVSDUDPHWUL]DGRV~QLFDPHQWHFRQYDULDEOHVFOLPiWLFDVSDUDODVFRQGLFLRQHVDFWXDOHV\HODxRXVDQGRHOHVFHQDULR$GHO,3&&,3&&/D~OWLPDFROXPQDLQGLFDHODXPHQWRRGHVFHQVRGHOFUHFLPLHQWR\ODPRUWDOLGDGSDUDHODxR
Actuales media
[min – max]
Crecimiento Mortalidad
Abies alba
Castanea sativa
Fagus sylvatica
Pinus halepensis
Pinus nigra
Pinus pinaster
Pinus pinea
Pinus sylvestris
Quercus petraea
Quercus robur
Quercus suber
Especies
1.91
[0.00 - 9.48]
0.96
[0.00 - 6.21]
1.25
[0.00 - 10.59]
1.26
[0.00 - 38.22]
1.38
[0.00 - 15.26]
1.60
[0.00 - 37.94]
1.65
[0.00 - 21.82]
1.36
[0.00 - 23.71]
2.80
[0.41 - 8.76]
1.08
[0.00 - 11.59]
1.60
[0.00 - 30.44]
0.50
[0.00 - 0.99]
0.28
[0.00 -1.00]
0.16
[0.00 - 0.99]
0.16
[0.00 - 1.00]
0.15
[0.00 - 1.00]
0.43
[0.00 -1.00]
0.38
[0.00 – 1.00]
0.16
[0.00 - 1.00]
0.25
[0.00 - 0.99]
0.30
[0.00 - 1.00]
0.55
[0.00 – 1.00]
1.98
[0.00 - 7.23]
1.18
[0.00 - 5.09]
1.33
[0.00 - 8.24]
1.61
[0.00 - 29.89]
1.56
[0.00 - 9.20]
1.83
[0.00 - 18.73]
2.84
[0.00 -14.55]
2.21
[0.00-12.45]
2.70
[1.00 - 4.75]
1.15
[0.00 - 8.17]
2.09
[1.00 - 13.65]
0.55
[0.13 - 0.72]
0.33
[0.05 - 0.72]
0.26
[0.01 - 0.60]
0.28
[0.04 - 0.74]
0.24
[0.01 - 0.58]
0.54
[0.12 - 0.86]
0.44
[0.15 - 0.84]
0.28
[0.013 - 0.58]
0.34
[0.01 - 0.71]
0.33
[0.04 - 0.66]
0.44
[0.15 - 0.87]
2100 media
[min – max]
Crecimiento Mortalidad
Presente
– 2100 
Crecimiento Mortalidad
Presente
– 2100 
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H[SDQVLyQGHELGRDOFDPELRFOLPiWLFR6LQHPEDUJRODVHVSHFLHVWHPSODGDVTXHRFXSDQHOQRUWHGHODSHQtQVXODLEpULFD QR WHQGHUtDQ D YHU DIHFWDGDV VLJQLÀFDWLYDPHQWHVXVWUD\HFWRULDVH[SDQVLYDV\ODVHVSHFLHVPHGLWHUUiQHDVQRVXIULUtDQFDPELRVROOHJDUtDQDRFXSDUH[WHQVLRQHVD~QPD\RUHVEDMRHVFHQDULRVGHFDPELRFOLPiWLFR)LJXUD
 (Q*DUFtD9DOGpV HW DO  VH HVWXGLy HOHIHFWR FRPELQDGR TXH GLIHUHQWHV HVFHQDULRV GH FDPELRFOLPiWLFR\SpUGLGDGHKiELWDWSXHGHQWHQHUVREUHODGLV-WULEXFLyQGH ODVHVSHFLHVGHiUEROHVHQ(VSDxD/RVUH-VXOWDGRVPRVWUDURQTXHHOFDPELRFOLPiWLFRSRGUtDGLV-PLQXLUHOiUHDGHGLVWULEXFLyQIXWXUDGHGRVWHUFLRVGHODVHVSHFLHVHVWXGLDGDVVLFRPSDUDPRVHVWDVGLVWULEXFLRQHVFRQORVQLYHOHVGHRFXSDFLyQTXHVHREWHQGUtDQVLHOFOL-PDVHPDQWXYLHUDHVWDEOHQLYHOGHUHIHUHQFLD(OWHUFLRGHHVSHFLHVUHVWDQWHVYHUtDQVLQHPEDUJRDXPHQWDGDVXiUHDGHRFXSDFLyQYHU)LJXUD\$OPLVPRWLHPSRVL HQ XQD VLWXDFLyQGH FDPELR FOLPiWLFRSDUWH GHO KiE-
LWDWGH ODVHVSHFLHVGHVDSDUHFHSUiFWLFDPHQWH WRGDV ODVHVSHFLHVSRGUtDQYHUGLVPLQXLGDVXGLVWULEXFLyQHQFRP-SDUDFLyQ FRQ ORV QLYHOHV GH UHIHUHQFLD 8QD H[FHSFLyQHVODHVSHFLHPHGLWHUUiQHDPinus halepensisTXHSRGUtDYHUVHEHQHÀFLDGDSRUHOFDPELRFOLPiWLFR\DXPHQWDUVXGLVWULEXFLyQ LQFOXVRVLXQDSDUWHGHVXKiELWDWDFWXDOHVGHVWUXLGR(VLPSRUWDQWHGHVWDFDUTXHORVDXWRUHVQRHQ-FRQWUDURQHIHFWRVVLQpUJLFRVHQWUHHOFDPELRFOLPiWLFR\ODSpUGLGDGHKiELWDWSDUDODHVFDODGHWLHPSRDQDOL]DGDDxRV(VGHFLUTXHFXDQGRDPERVSURFHVRVRFXUUHQDOPLVPRWLHPSRHOHIHFWRQRHVPD\RUTXHODVXPDGHORVGRVHIHFWRVSRUVHSDUDGR\TXHHVWRVSRGUtDQPDQLIHV-WDUVHFRQSRVWHULRULGDG/RVGLVWLQWRVSDWURQHVHVSDFLDOHVGHGHVWUXFFLyQGHKiELWDWSHUPLWLHURQHVWXGLDUVLGLVWLQWRVQLYHOHVGHIUDJPHQWDFLyQDIHFWDQGHPDQHUDGLIHUHQWHDODGLVWULEXFLyQGHHVSHFLHVYHU0DWHULDO6XSOHPHQWDULR6L XQ GHO KiELWDW IXHUD GHVWUXLGR ORV HIHFWRVPiVQHJDWLYRV HQ OD GLVWULEXFLyQ GH HVSHFLHV VH REVHUYDURQ
 Figura 7
 Figura 7.  'LIHUHQFLDVHQHOQ~PHURGHSDUFHODVRFXSDGDVHQHODxRFRQ\VLQHVFHQDULRVGHFDPELRFOLPiWLFRSDUDODVHVSHFLHVDP. halepensisEP. pineaFP. pinasterGP. nigraHP. sylvestrisIQ. ilexJQ. fagineaKQ. pyrenaicaLQ. petraeaMQ. robur7HQLHQGRHQFXHQWDVXHVWDGRGHHTXLOLEULRDFWXDOVXFDSDFLGDGGLVSHUVLYD\GHDGDSWDFLyQDODVFRQGLFLRQHVFOLPiWLFDV
)XHQWH$GDSWDGRGH*DUFtD9DOGpVHWDO
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FXDQGRHOKiELWDWHVGHVWUXLGRGHIRUPDDJUHJDGDHQHOHV-SDFLR\HQP~OWLSOHVSXQWRVVLPXOWiQHDPHQWH3RUHOFRQ-WUDULRHOSDWUyQPHQRVLPSDFWDQWHSDUDODPD\RUtDGHODVHVSHFLHVVHUtDXQDGHVWUXFFLyQDJUHJDGDHQHOHVSDFLRSHURTXHRFXUUH~QLFDPHQWHHQXQOXJDUGHOWHUULWRULR6HRE-VHUYDURQQLYHOHVLQWHUPHGLRVGHUHGXFFLyQHQODGLVWULEX-FLyQGHHVSHFLHVVLODSpUGLGDGHKiELWDWRFXUUHDOD]DU\VLRFXUUHSULQFLSDOPHQWHHQODV]RQDVFODVLÀFDGDVFRPRPX\LPSDFWDGDVSRUODDFFLyQGHOVHUKXPDQR:&6
 3RU~OWLPRHQ*DUFtD9DOGpVHWDOWDP-ELpQVHHVWXGLyVLODFUHDFLyQGHQXHYDV]RQDVGHKiELWDWIDYRUDEOHPHGLDQWHSHMUHVWDXUDFLyQGH]RQDVDJUtFRODVSRGUtDD\XGDUDFRPSHQVDUORVHIHFWRVQHJDWLYRVGHOFDP-ELRFOLPiWLFR3DUDODPD\RUtDGHODVHVSHFLHVODFUHDFLyQGH QXHYDV ]RQDV GH KiELWDW IDYRUDEOH FRPSHQVDUtD GHPDQHUDSDUFLDOODUHGXFFLyQHQODGLVWULEXFLyQIXWXUDGHODVHVSHFLHVGHELGRDOFDPELRFOLPiWLFR1RREVWDQWHSDUD
FRPSHQVDUFRPSOHWDPHQWHHOLPSDFWRQHJDWLYRGHOFDP-ELRFOLPiWLFRVHUtDQHFHVDULRFUHDUXQDH[WHQVLyQGHQXHYRKiELWDWFRPSDUDEOHDODWRWDOLGDGGHORVERVTXHVDFWXDOHVLHGXSOLFDUHOiUHDRFXSDGDSRUORVERVTXHV
 Recomendaciones para la adaptación 
 /DV HVSHFLHV DUEyUHDV TXH SUHVHQWDQ HO OtPLWH VXUGHVXGLVWULEXFLyQHQODSHQtQVXODLEpULFDSHMPinus 
sylvestrisSRGUtDQYHUIXHUWHPHQWHDOWHUDGDVXGHPRJUDItD\ UHGXFLGD VX GLVWULEXFLyQ EDMR HVFHQDULRV GH FDPELRFOLPiWLFR\SRUORWDQWRHVWDVHVSHFLHVGHEHUtDQFRQVWLWXLUXQD SULRULGDG SDUD OD JHVWLyQ 3RU RWUR ODGR DOJXQDVHVSHFLHVPHGLWHUUiQHDVPiVDGDSWDGDVDODVFRQGLFLRQHVFOLPiWLFDVUHLQDQWHVHQHOIXWXURSRGUtDQVXIULUFDPELRVPiV VXWLOHV EDMR HVFHQDULRV GH FDPELR FOLPiWLFR 6LQ
 Figura 8A
 Figura 8A.  1~PHURGHSDUFHODVRFXSDGDVFDGDNPHQSL[HOHVGHðNPHQHODxRDVXPLHQGRTXHWDQWRHOFOLPDFRPRHOKiELWDWVHPDQWLHQHQHVWDEOHVDAcer campestreEAlnus glutinosaFBetulaVSSGCorylus avellanaHFraxinus angustifoliaIJuniperus communisJ
Juniperus phoeniceaKJuniperus thuriferaLPinus halepensisMPinus nigraNPinus pinasterO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  Material suplementario
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 Figura 9A
 Figura 9A.  1~PHURGHSDUFHODVRFXSDGDVFDGDNPHQSL[HOHVGHðNPHQHODxREDMRXQSDUDXQHVFHQDULRFOLPiWLFRGHUHIHUHQFLDGHDOWDFRQFHQWUDFLyQGH&2HVFHQDULR:5(:LJOH\HWDO\GHSpUGLGDGHKiELWDWDOD]DUDAcer campestreEAlnus glutinosaFBetula VSSGCorylus avellanaHFraxinus angustifoliaIJuniperus communisJJuniperus phoeniceaKJuniperus thuriferaLPinus halepensisM
Pinus nigraNPinus pinasterOPinus pineaPPinus sylvestrisQPrunusVSSRQuercus canariensisSQuercus fagineaTQuercus ilexUQuercus petraeaVQuercus pyrenaicaWQuercus roburXQuercus suberYSalixVSS\ZTiliaVSS
 (Q%HQLWR*DU]yQHWDOVHSDUDPHWUL]DURQ0'( WUDGLFLRQDOHV 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forest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VHXVDURQWUHVVXEFRQMXQWRVXQRSDUDODFDOLEUDFLyQGHOPRGHORXQVHJXQGRSDUDHQWUHQDUHOPRGHOR\XQWHUFHURSDUDYDOLGDULQGHSHQGLHQWHPHQWHORV UHVXOWDGRV6HXVDURQYDULDEOHV FOLPiWLFDV\GRVYDULDEOHV WRSRJUiÀFDV SDUD SDUDPHWUL]DU HO PRGHOR3DUDODVFRQGLFLRQHVDFWXDOHVODVYDULDEOHVFOLPiWLFDVVHLQWHUSRODURQDSDUWLUGH6iQFKH]3DORPDUHVHWDO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 D 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
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Pinus pinaster \ P. sylvestris PHGLGDV HQ GRV VHULHV GH HQVD\RV GHSURFHGHQFLDV WUDQVSODQWDGRVHQ\SXQWRVHQ(VSDxDUHVSHFWLYDPHQWHSHM$OtDHWDO$OtDHWDO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HQHOFDVRGHP. sylvestris\SDUDP. 
pinaster $OtD HW DO  PLGLHQGR SHULyGLFDPHQWHVXSHUYLYHQFLD GH ORV iUEROHV PD\RUHV GH  DxRV 6HDJUXSDURQODVSURFHGHQFLDVFRQFDUDFWHUtVWLFDVFOLPiWLFDVVLPLODUHVHQJUXSRVSDUDP. sylvestris3LULQHRV6LVWHPD&HQWUDO6LVWHPD,EpULFR(VWH6LHUUD1HYDGD\SDUDP. 
pinaster*DOLFLD0HVHWD6LVWHPD,EpULFR6LHUUD6HJXUD\6LHUUD1HYDGDYHU)LJXUD6HUHDOL]DURQPRGHORVGH
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GLVWULEXFLyQGHHVSHFLHVLQWHJUDQGRGDWRVH[SHULPHQWDOHVVXSHUYLYHQFLDSDUDODVHVSHFLHVPinus sylvestris\Pinus 
pinasterXVDQGRYDULDEOHVFOLPiWLFDVSDUDHVFHQDULRVGHFDPELRFOLPiWLFR$+DG&0SDUDHODxR\
 (Q %HQLWR*DU]yQ HW DO 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 VH UHDOL]DURQPRGHORVGHGLVWULEXFLyQGHHVSHFLHVEDVDGRVHQPRGHORVQR SDUDPpWULFRV GH FUHFLPLHQWR \ PRUWDOLGDG (VWRVPRGHORV IXHURQ FDOLEUDGRV FRQ PHGLGDV UHSHWLGDVGH GLiPHWUR D OD DOWXUD GH SHFKR SDUD  iUEROHVGLVWULEXLGRV HQ  SDUFHODV (Q HVWH WUDEDMR VHFRQVLGHUDQ  HVSHFLHV DUEyUHDV GHO VHJXQGR \ WHUFHU,QYHQWDULR )RUHVWDO 1DFLRQDO TXH WLHQH XQ SHULRGRPHGLR GHPXHVWUHRPHGLR GH  DxRV(Q ORVPRGHORVGH FUHFLPLHQWR \ PRUWDOLGDG VH FRQVLGHUDURQ YDULDEOHVFOLPiWLFDVLQWHUSRODGDVDSDUWLUGH6iQFKH]3DORPDUHVHWDO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
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YHU )RUGKDP HW DO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